the SI unit of absorbed dose is gray, 1 gray = 1 J kg-1. (a) maximum absorbed dose: The highest value of the absorbed dose within a single beam or a combination of beams. (b) peak absorbed dose: The maximum value of the absorbed dose occurring along the central ray of a single fixed beam. The peak absorbed dose in water or soft tissue is situated at a depth of about 0.2 cm for 137 Cs gamma rays, 0.5 cm for 60 Co gamma rays, 1 cm for 4 MV x radiation and 4 cm for 25 MV x radiation. The exact position of the peak depends on the type of collimator, and on whether a secondary electron filter is used. It also depends on field size, source-surface distance and especially on source-diaphragm distance. (c) surface absorbed dose (skin dose): The absorbed dose delivered by a radiation beam at a point of interest on the surface of the irradiated material. In multiple beam irradiation the skin dose may be increased by the addition of the exit dose from another beam. (d) absorbed dose distribution: A representation of the variation of absorbed dose with position in any region of an irradiated object. abscopal effect: An effect ascribable to radiation exposure, but observed in a region of the body outside of the irradiation field and believed to have received insignificant dose. additive action: A dose-effect dependence in which the additional effect produced by radiation X adds to that due to radiation Y as though the effect due to Y was produced by a biologically equivalent dose ofX. antagonistic action: A dose effect dependence in which the additional effect produced by radiation X, in combination with a fixed dose of radiation Y, is less effective thanX alone when account is taken of a dose of X biologically equivalent to Y. attenuation, geometrical: Falloff of a radiation beam because of distance, usually from the source, as opposed to absorption or scattering in a medium. beam: The beam is the region of space traversed by photons or particles from the source. Its edges 53 frequently are determined by a collimator, its cross section perpendicular to the beam axis is the field and its direction is that of photon or particle travel. beam axis, dosimetric definition: If the beam is dosimetrically symmetrical (if necessary, as the result of the insertion of a beam flattening filter) the beam axis is the axis of dosimetric symmetry of the beam. (See ICRU, 1976a, for additional definitions of beam axis.) biological dosimetry: Measurement of the degree of a biological response to radiation, that is then used indirectly as a measure of the absorbed dose received by a tissue. bolus: Tissue-equivalent material placed around the irradiated object to provide extra scattering, buildup or attenuation in the beam. Its purpose is often to even out the irregular contours of the object to be irradiated in order to present a plane incident surface normal to the beam. buildup: The increase in absorbed dose with depth below the surface in a material irradiated by a beam of photons or particulate radiation. Buildup may be of two kinds: (a) electron buildup is due to the production by the incident radiation of increasing numbers of forward-moving high-energy electrons increasing with depth until a maximum electron fluence rate has been reached. This effect gives rise to the phenomenon of "skin sparing'' and is most marked for photon energies greater than about 400 keV. The effect is not noticeable for x rays generated by potentials ofless than 400 kV. (b) photon buildup: Multiple photon scattering in the superficial layers of the phantom, which may lead to an increase in absorbed dose for a short distance. This effect is observed particularly with photons generated by potentials of 50-150 kV and large field sizes. For high-energy beams, process (a) is the more important. buildup factor: In a beam of high-energy x or gamma rays, the ratio of peak absorbed dose to surface absorbed dose is sometimes called the buildup factor. calibration: Calibration of a dosimeter means determining its response to a known radiation exposure or known absorbed dose. In some countries the term "calibration" is reserved for a determination made at a National Standardizing Laboratory, or a Secondary Standardizing Laboratory, resulting in the issue of an official certificate; the term was used in this sense in ICRU Report 23 (ICRU, 1972) . In other countries, the term is used more generally for a determination of instrumental response, whether made in a standardizing laboratory or elsewhere. It is recommended that the term be defined whenever an ambiguity may arise. In some countries, the term "calibration" is also applied to a beam of radiation. This means determining the exposure rate or absorbed dose rate at a calibration point in the beam under a closely specified set of conditions. Normally, such a determination is carried out with a number of beams under different specified conditions. The exposure rate or absorbed dose rate produced in a selected radiation beam, under specified conditions, is sometimes referred to as the output of the machine. cell-age dependence: In cells undergoing rep~ated division cycles (e.g., stem cells, cell renewal systems, or cancer cells), some of the cyclic events related to the synthesis of deoxyribonucleic acid (DNA) have been established. Since the timing of these events is relatively easy to determine, and since DNA is a molecule of critical biological importance, the portions of the generation cycle determined by the DNA synthetic period have been used as a "cell-age scale" in reference to which radiation responses of a cell in its generation cycle have been measured. collimator: An arrangement of shielding material designed to define the dimensions of a beam of radiation. colony (of cells): An aggregation of cells resulting from repeated divisions of one or more cells. Usually visible by eye, especially after suitable staining. dose modification: A comprehensive statement of change in dose-response relationship resulting from a modifier, e.g., oxygen or a chemical present during the exposure. When dose-effect curves are available, and a simple factorial relationship does not exist between the two curves, the entire curves are required to specify the modification. dose modification ratio: The ratio of the dose under reference conditions to that under the modified or test conditions to produce the same level of effect. energy imparted (integral dose): The total energy absorbed from ionizing radiation in an irradiated region in a phantom or animal. It is frequently obtained by integrating the absorbed dose with respect to mass throughout an irradiated region. It may be stated in joules or kilogram gray. exit dose: the absorbed dose delivered by a single fixed beam of radiation to the surface of the animal through which the beam re-emerges. exponential survival curve: A survival curve without a shoulder which appears as a straight line when plotted on semi-log coordinates. exposure: The exposure, X, is the quotient dQ by elm where dQ is the absolute value of the total charge of the ions of one sign produced in air when all the electrons liberated by photons in a volume element of air having mass elm are completely stopped in . x dQ air = dm" field: A plane section of the beam perpendicular to the beam axis. Field is thus two dimensional whereas beam is three dimensional. A field may be defined at any distance from the source. filter: An attenuating material inserted into the beam in order to modify its spectral composition, suppress particular components of a mixed beam (for example, a beam containing both beta and gamma radiation), or to modify the spatial distribution of energy fluence rate or absorbed dose rate.
(a) compensating filter (compensator): A filter which modifies the dose distribution so as to take account of the properties of the irradiated object, such as its shape, extent, composition and obliquity with respect to the beam. fluence: The quotient of dN by da, where dN is the number of particles or photons which enter a sphere of cross-sectional area da. functional or phenotypic effects: Induced changes in cells that may survive radiation exposure. The forms taken may be mutagenic, oncogenic, or teratogenic. Such changes are frequently detected with a low probability, and may be referred to as stochastic in nature. gain factor: In radiotherapy the aim of changes in a technique is to enhance the effects on the tumor, relative to the effects on normal tissues. The result of a change in treatment technique (e.g., a change in radiation quality, time-dose pattern, degree of hyperthermia, or a combination of radiation and chemicals) may be expressed by the "gain factor," GF, which is defined as the ratio of the dose modification factor of the tumor system and the normal tissue system. generation time: The average time taken for a cell to complete one interdivision cycle. half value layer: The thickness of a specified material that attenuates the beam of radiation so that the exposure rate or absorbed dose rate at a point is reduced by half. The contribution of all scattered radiation, other than that which might be present in the beam initially, is deemed to be excluded. heavy ions: The term is frequently used to refer to energetic accelerated stripped nuclei of elements of z >2.
heavy particles: Includes heavy ions and neutrons and protons. independent action: A dose-effect dependence for radiation X, not influenced by an exposure to radiation Y. integral dose: See energy imparted. isodose curve: A line (usually in a plane) along which the absorbed dose is constant. isodose surface: A curved surface, along which the absorbed dose is constant. kerma: The kerma, K, is the quotient of dE 1 , by dm, where dE tr is the sum of the initial kinetic energies of all the charged particles liberated by indirectly ionizing particles in a volume element of the specified material and dm is the mass of the matter in h 1 1 dE,, h . 1 t at VO ume e ement. K = a;;. T e spec1a name of the SI unit ofkerma is gray. 1gray=1 J kg-1 • lethal damage: Damage which, unless modified or repaired, results in the death of a cell. [Note that even in the case of a single exposure, the physiological conditions during the irradiation or the metabolic events that follow may influence the degree of effect expressed by a cell. In the instance of cell survival, for example, and in the simplest case of exponential inactivation (A in Figure 2 .2), the survival curve may become less steep (or more steep) depending upon the repair (or enhancement) of potentially lethal damage during or after exposure (Hall, 1953; Elkind, 1977) ].
lineal energy: The quotient of E by d, where E is the energy imparted in a volume during an energy deposition event, and d is the mean chord length in the volume. linear collision stopping power: The quotient of dE by dl where dl is the distance traversed by the particle and dE is the energy loss due to collisions. linear energy transfer, L ~: The quotient of dE by dl, where dl is the distance traversed by a particle and dE is the average energy loss in dl due to collisions with energy transfers less than some specified value of ii, i.e., L~ ( ~~) . ~ meson, pi minus: A singly-charged negative particle intermediate in mass between the proton and the electron. It undergoes an interaction with an atomic nucleus particularly near the end of its range with resulting nuclear disintegration and the liberation of high-LET radiations. A penetrating beam of pi minus mesons is of potential advantage in radiotherapy. midline absorbed dose (kerma): The absorbed dose (kerma) calculated or measured for a point in tissue and at the "midline" or "center'' of the biological specimen (animal), i.e., for the point lying equidistant from the exterior points on the specimen. The designation is for dosimetric purposes and implies no particular biological significance for the midline location. moderately uniform exposure: The irradiation is Glossary • • • 55 moderately uniform if the ratio of maximum dose to minimum dose is between 1.10 and 1.30, i.e., 1.10 < Dmax < 1.30. Dmin nonuniform exposure: The irradiation is nonuniform if the ratio of maximum dose to minimum dose is greater than 1.30, i.e., 1.30 < D . mm output: A measure of the radiation beam produced by a radiation source. It is usually stated as the exposure rate or absorbed dose rate at an appropriate calibration point (see calibration above) under a closely defined set of conditions. oxygen effect: The observation that oxygen enhances the radiation response has been demonstrated for a wide variety of biological endpoints. Although the term "oxygen effect" implies that hypoxia is the reference condition, it is common practice to use air as the reference base (100 percent 02 is frequently equally sensitizing); neither condition reflects necessarily the oxygen concentration in the tissue of interest. oxygen enhancement ratio (OER): The ratio of the dose required under conditions of hypoxia to that under conditions in air to produce the same level of effect. penumbra: The region, at the edge of a radiation beam, over which the dose rate changes rapidly as a function of distance from the axis is known as the penumbra. It may be defined geometrically and dosimetrically. (a) geometric penumbra: Geometric penumbra is the region in space which could be irradiated by primary photons or particles coming from part of the source only. By analogy, the transmission penumbra is the region irradiated by photons or particles which have traversed part of the thickness of the collimator, i.e., at its outer edge. (b) geometric penumbra width: The width of the geometric penumbra in a plane perpendicular to the beam axis at any distance of interest from the source. It is a geometrical concept only and is calculated from the expression
wheres is the source diameter (or effective diameter, F + d is the distance from the source to the point of interest and F v is the source-diaphragm distance.
(c) physical penumbra: Physical penumbra is a dosimetric concept and the physical penumbra width is the lateral distance between two specified isodose curves at a specified depth. percentage depth dose: The ratio, expressed as a percentage, of the absorbed dose rate at a point, at depth along the beam axis, to the absorbed dose rate at a fixed reference point on the beam axis. For x rays generated by potentials up to 400 kV, the point of reference is at the surface while above 400 kV it is usually at the point of peak absorbed dose. (For isocentric techniques the reference point is usually at the depth of the isocenter.
(For isocentric techniques the reference point is usually at the depth of the isocenter. phantom: A volume of tissue-equivalent material, usually large enough to provide full scatter conditions for the beam being used. Anatomical phantoms in the shape of the animal body are frequently used.
(a) homogeneous phantom: A phantom made of one material only. The most common phantom material is water. (b) body phantom: A phantom in the shape of an animal body or part of it, where the various tissues have been simulated with respect to size, shape, position, and radiation interaction. phenotype: Characteristics observable in the individual in question (as opposed to genotype). potentially lethal damage: Potentially lethal damage is damage, the lethal expression of which may be modified by alterations in postirradiation conditions. In a cell system, potentially lethal damage may involve communication between cells and hence, its expression could depend upon the relative configuration of the cells. In an organism, potentially lethal damage could involve the interaction of two or more cell systems. Potentially lethal damage might even be modifiable by preirradiation conditions. principal plane: A plane which contains the central axis and, in the case of a beam of rectangular cross section, is parallel to one side of the rectangle. radiation quality: (a) A term referring to the ability of a radiation beam to penetrate into the medium or object irradiated. It is often expressed in terms of the half value layer. (b) Those characteristics of the radiation that describe the spatial distribution of energy transfers by charged particles, and which influence the effectiveness of any radiation when other physical factors such as absorbed dose, absorbed dose rate and fractionation are kept constant. Linear energy transfer is one method of describing quality (see above). receptor free conditions: Conditions for determining exposure or kerma, in which the specimen to be irradiated is deliberately omitted and in which all exposure apparatus and scatter material is kept to a minimum. Also referred to as "free in air" conditions. receptor conditions: Conditions in which the receptor is present (see ICRU, 1976b) . recovery: The change(s) in response in a cell, an organ or an organism after irradiation that tend to restore functional integrity. This term includes not only repair of target cells, and/or' repopulation in the irradiated field, but also abscopal interactions that influence the magnitude of the effect observed. Complete or full recovery means that a cell, organ
